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SEMICONDUCTOR LIGHT- EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
light-emitting device which is superior in light extraction 
performance. 

SOLUTION: A GaN buffer layer 12, an n-type GaN contact layer 
13, an n-type InGaN quantum well active layer 14, a p-type AIGaN 
sublimation preventing layer 15, and a p-type GaN contact layer 16 
are laminated successively on a sapphire substrate 11, where the 
quantum well active layer 14 is equipped with a well layer 
sandwiched inbetween a pair of barrier layers. Spontaneous 
emission light projected outside from the edge of the quantum well 
active layer 14 is polarized in a direction parallel with the surface 
of the sapphire substrate 1 1 . 
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so ^i^2 0^^^txrfco, lEmsi 8£, ^ms 
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1 7 i©PJ6C«ift*a*rct«:J:>5. nSlnGaNt 

[0 04 8 ] CCDflte. nllnGaNl^FSti 
1 4 6Ctt, I n NiEiiJt©** ( I n NHfflSfcfc 

««) i. In NSJitfc©/h3 ttffitt ( I n N&Efift 

tt. SMI 1 a(c^T«c*|SlK«*Ltett88-C.- 
ffiH£ft&„ 10 
[0049] It **#Pffitt«l 4rtfc»£Lfc« 

tlT, ^tt^Sl 8£fflLT±;&«:a»tSn*. 

[ o o 5 o ] m i ccs-r*aw*ifejBR^*«*s-sfctt 

Sir, Sffiffll 1 a«tLTStr, Lfrfe, 

-» *»SU a«3hfcj^fl!)ii«B*f»l«:J: 

T(lOOnmHT) (c&-?tl»58M lxio 11 
<!/ c m 2 K±©aertli!J $ ft 20 
[0 0 5 1] &te, H 1 5«, *aiB«cfet*r. S^* 

<Dfl^fl*H^sfc»©^**^r«aHr*s^ 

4©^ffl^e>Sctti$ft/c^:li, U>X16 3*«or# 
tfcfflgl 6 2KSI*Sft*£5fc&ort»5. U>Xl 

e 3 tt, lo-ioo <ggs©sai5aK*ft u >x, 

tt. UM-PIanFI (lOOx. 0. 90BD 

X 1 6 3 i jfettffig 1 6 2 itDPJOffiBtctt. ffl*? 1 30 

HKrsa^ocfcoT^*. 

[0 05 2] C©i5&#^tC*J<r>T. 6^164 

©SStt^fS]^^^^ i o©««HK:»t/t¥ 
!fiacS<t5'«:ffl*^i6 4*HSUci*K:. *ttffl 
SI 6 2*crftHii**iS*5£K*Pl, 6 4<D 

jffiatt^|fiIi&s**ft*3tSR^ 1 OOS&MKftLTSi: 
i&SJ^fcffl*?-! 64^1^L/ci^^:, ftttfflg 
1 6 2CcrttfflSn-S*3aS*P2itSi, Pl/P 
2*H»fcifc<!: Ut»^^ e 40 
[0 05 3 ] CO(B*Jt*5 1 <fc 
#Fffittll 4<DBffi^6jW5tcffiDffiS*i4a«SttB 

[0 0 54] 2 0£Di)ffi^6Srai 1 aCCWtC 
^CCfi3KOfctta8rffl»Sn**tt. nSlnGaN 
S^#Fr£1$Ji 1 4 Ccti, I n NfiSJt©**&fiSS 

( 1 nNiSfi B ^ik«I«l) I nNSSJt©/h3tt«I« 50 
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(I n NffiSfiltffitt) t*SRW6hr^SCiecJ:S 
t>©r*S*. C<Z)<fc5& I n NMaa&Omte&vMM 

4rt©#F«0JF2Jfc©^^ 

±3 0 0#eTFtCt)fcor, tee a e<D^S^*Br^WcC 

5»«±200#OTifSC:i:3Wa*l/< % 3 
1 0 # fet Jb 8 0 # « T i *" 5 c & ifi 8 * 1/ 1 \ 
[0 05 5] ttSffifi©*IW«lffl* 5#«±2 0 0#tt 
T£Ofc»£K:tt, ^*2 0©S!lffi3!p6ffil*3iaS3(c© 
ffl)fctbB 1 OJrO^Sf <, 8 KfiUbr* 

ofc. ^B H s ^ScD*8fr^^ 1 0#«±8 0#«T£ 1/ 
fcW&fctt, ^■9-2 0©»ra^6fflWSn-5*©iB36J:b 
ttl 5 Oh, #6HtfP»¥8.- 5%Klt$)o/c 0 $ 
fc. |8*X^^h;I/©b'-^iftfitt4 7 0nmr*o 
fc. 

[0 0 5 6 ] H3(D^7*a>iaatt. a 1 
fti^itsR^ tc*5ws^*2 o©«ffi*e>ai«shs*ec 

-?l»r. SfiSl 1 a«c*furaaSE*IniK:ffl*b/c 

36®?IKia)»^ <TEffl#fcfc) 

^-CD^SP*^* (%) ^^7 7 7*5. C©^7 

I 4©#Fl©^B B B^SCDM^^4bH^^B B 0 ^fiCD*»r 

mtmm^o) t e cc»r m^m^m *y*v 

II AfrhO&ltX^f h;U©«fif-^*$3 9 Onm 
fcLL 5 3 0 n m«T©BHrt«c«c o fc*aHt»**^ 

[005 7]B3©^7«Cfelit. ^afft***-? 1 © 
^*2 OWffi3^6lBiiO/cj6<D«*J:b3&JiK< fc*«<fc\ 

J+Sfi-Tja^it^Lr^s. -e-offl*ecoc»rtt. * 
[0 0 5 8] ^TfeSJE^S 1 8 &Jt££©JKT ^> 

*|flJ±3-&-5fc«)K:tt. ^-9-2 0C!>±ffi^6fl3*3 

tis*©«*«e>i/, y*2 0©ffljffi*e>skiistisje 

[0 05 9] fi^#FrSttH 1 4 Jcr»tStiS36«JS 
SHi l a«c*furtta¥fT*ifiiiK:fl*ur^4»^, 

cctt«rS4, ^^2 0±lB«:A«-r**©Pfflil6S6» 
3W/h3<ft*. Pffl*flE»tt. S(B*«»(A 

^*SP^.-5C<!:CC«fcor^*2 OiffitCteWSjfeCDaiU 

«a^ ( ^if2 0i!jffi3&>6taw3tia*fl^itfti-r 



n 

So 

[006 0] «±©SScc <fc 0 . fi-^FrSttl 1 4 

[ o o 6 1 ] amk rtSi^js^B^aw****^ off 

Stft©e£tt. 1 0%«l*rC*5i**.e>*iS. 

S> S-^FffittB 1 4*>6&£-rS3fc#8«ffi 1 1 a 

[0 0 6 2] H3©^77(c<t0. ^SttlfefcSR*©-* 
tf2 Offlffi^?>tlil4lyfc3fe©fl*J:k3&*aiC^3<t*, 

©ttf»a*»Sft±©fc»fc«\ iB3fcJt#5J:<3ASri» 

c4*sa4i/<. . *fc, i o<to**^ctwse»K:a 

[ 0 0 6 3 ] H4tt 4 01 &C^^ft^3£ST*£fctt 

y-*2 0fflffi^6ffil*T**©TE<^JtiCDRIff*^ 
1-^77^*4. a*#FiSMl4rtfc£**i**T 
Jf<D^Ma©S B B a $m^ JSa«fi©*»rBSiHi* l 

H6 I nNSfiaSWSoaSK* 1 x 1 0 n l/cm 2 6( 
[0 0 6 4 ] 4*$, ffittB 1 4tCteW*«T«KDI»3» 

a«Ma©isa«ft©*Br«iai#. 3 o o#tt±tc4 

asti. I nN*BaJt«i(i©1>--fX3&J/J\S<ttD. * 
©*W9"C©I nNSaitaWWrJ"*. flStt 
ft 1 4 ft<D* + 'J rm&ifi I n NKSStt««tcgft 

[0 0 6 5 ] H4©^ , 77J:0. *TWJ©»BH©ftfi 
fi6fiE»©*Sfi«fi+Wr©l«att. 1#H±. 3 0 0# 
«TCCRSS*i*. ttfc, 5»«±2 0 0#«T#fl* 
L<> ^ ^tcti. 1 0»«±8 0#«T* s a*Lt». 
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[0 06 6]^ H4tt. i 4rtccssna« 

KftlBt. ^tt*** J F©^*2 0ffl!lBB3&»6Ui«3h 
**<0TEffl*tfct©l!(M»**LTCia3&s. mjIBrSttl 

i 4rtccgin^#FJi<DjSSiimR^^n/c^s4 3 

K^HtcWLrfc, -*?2 0«E3&>£fflSi3h£:*<3!>T 
Effljftfcttt. t3tBHtt©«l¥tt**t-C<!:35««BShT 

io fitW*IB«:»-rSTE(B3felt^ ttttH*<DtS#tt* 
[0 06 7] H5B. «Hft©S4Stia©*7T^7 

&aj»3*iS*©TEiB*Jt4, if7 7 ^7igl 1© 

<b9vv\t> WrATWRl l<DS«ffi#<l 1-2 

[0 06 8 ] mSOVv-y 1f7 7 ^7lSl 1© 
20 »fiffi©«Mft36S, 0. 0 5' fiUbO. 2° *«S<D*i£ 
TE<Bjfett*S|Bj±L"Ct^. *fc, <0 00 1 >77 

l>Tb t TEfii^#fi±GTl>4t£#to^ofc. C 
titt. &a#ft£< 0 0 0 1 > jfrfflfrfc C < £#>tctt£* 

3it/c^7r^7S«i i±jc*3Mw*ai-rsc4 

CCiO, Sfflll4(DTM(DlIttt«l 4 In 

i o o 6 9 ] h 6 a, mi fc^t^mfaftytm+icteii 

30 &^2 OBfflfr^fflltS-hSjfeOTEfflJKJttcW-rS-- 
*-G*?#FfSttJB 1 4 *©#Fflrtfc*tf S I n N 

[0 07 0] H6<D^7-CB, TEffiJfetbWt;*-*-* 
In N<&aitffii«D«a^ 1 - 0 x l 0 1 1 <!/ c 
m J &L±t A * < 4 9 , In N«fig B H ai:b«|iS©1f >f Xtfi 
lnmi^*<ftotl,»5 t ^©ffiiJcoi^rtt, a&r 

ffiA«F«Cfc^T. I n NKSfith««-Ctt % InNfig 

40 iktmtmat^x, ttA* + »;7*ft3WS<tt5#. i 

n N»fiatt«i«0^-f X# 1 n mtt±"C* D . £ It I 
n N*jgatfc«l«©a8S3&s 1 . 0xi0 n I/cm'« 
±i**tr»«£fctt, B»r4ttA*+y7*K©»ff 

< , 2 *5cfi^#p«:fi!J DiA^ P>n/cii^ 
©J;9«c*«i*iSU. ^*20ffliaD*>e>ffll*ShS* 

3&s, sfisi i atc*fLr«aw*iajtcffljtrs. * 

50 [ 0 0 7 1 ] tcfe, I n N»fiaifc««©1f 4 X# 1 n 
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1 OOnmOTWU^ 

[ 0 0 7 2 ] C 5 In NHfiSJtS«©ffiK# 
lx 1 O n i/cm j aL nmfeLbl 00 

[0 0 7 3 ] ftte. 0 1 tC7S"r*aW*ftjfe»-7-OJSttlB 

lfr6&5 3HMHSr*s#. rStiH l 4 1 bx&mm 
^#F$££fti^ci§£tf, 1 nNJBjgatfcflliSOBS 

*©«^ecte^rfe. TE<i#tb 
[ 0 0 7 4 ] a 7 ( a ) tt t #»!B<D¥i»##S*** © 

iite^iRo-Mt^-rasaj&^ffiia. 07 (b) 
cQ^w&m^m+x'te, ioomdix2 

0 0Mmgg<Z)1t7T^TSKl 1© (O00DIT 
#>£S«S 1 1 a±tc, 0 1 tC^-T*5itt«jfe*-?-iia 
fi«t, 2dnmffK(D«S©GaN;<?7 7Jil 2#« 
JISftT. 4wmflg©/f £©nMGaN3>££Jll 
3**8IJI3*VC^S. ZbX. CCDn8fGaN3>££ 

n 1 3 <Dmmftmm&&£2hr&MMom® 30 

I13a^M$ntl^ D «SI13aaJW)nSG 
aN3>^^Hll 38U»(Ctt. bnmW&om £<D I 
n,.„Gaa.»,NI»S)i* 3 n mflgCDJf 3 © 1 n, . 2 
Ga,..N#FIB. 5nmOIS(DIn 0 . JI Ga,.,iN 
jH5ll*s)t^ailS*ifcnS I n G a NS^FrSttl 

1 4«^6n6. §^#Fffit4Jf 1 4CCtt % WS3 0 
nmUKCDp^Al GaNHHWltSl 5. /P£#0. 
5MmfIgcDp§2GaN=i>££ hi 1 6#IH&Wi3 

[0 07 5] nSGaN=>>*£ Ml 3©fi*3Btt* 40 
Ufc^g® 1 3 a±Ktt, Al/Ti, Au/W^tJ: 

T»tte>*iTC>S. pSGaN^>^ Mil 6±CC 
tt. ESS'** K«:*ffl'r2>jE»«2 3#Stt%j|rtt> 
S. jE«ffi23iU"C«, Au/Ni, Au/PdS* 

[ o o 7 6 ] c <d& o ttfluao^att^sR^-t) . a i 

H2CC7S-r*-YA^t- hK:a^<Eia©*)IBtcJ: so 
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fe. ST#Fr£t4jIi 4fctt, SSffli 1 a£*fbr¥ 

fr#fi!«: 1 nNiK«JUktttt£. I n N®g B e 0 ttfi^i 
3&sffaEl/rfef5, I nN*jgjaJ:k««©**S^ In 
mHUOOnmaTtiot, bfrb, I nNKfiB 
tbfti^iStMrttcSftTifllfKtt/ 1 x i o"ffl/c 
m'tiitctto-riiS. y*2 0©ffljffi*>e> 

W»*tiS#tt. Ml 1 aecWtt#flK«#l/fc 

igS«4 7 Onm^^ 

[0 0 7 7 ] Lfrb. 2 0<DJ:ffiK:KW6ftfciES 
fi2 3 3&$jE«ffi^v K«ricfflOr^a/ca>CC, 2 0 

2 0O±ffi3^i&*3&SHi«Snttl>/cftCC, E^ffi2 3<D 
?vW<{X%'b£<tZ>CtmxZZ>. S&fc* ieh 

[0 0 7 8 107 CC^-r*»ft«**-T-tCteWS^1f2 
OffJffi3&>e>HiSi3n-5*©TEfi*J:bt. $*SM«J$ 

tW. TEffl*tb#(5C>ii£fctt* 0 

1 {C^T^aftS^R^tt^r^S^ TElBfetbtf 
SK 4 * S i\ 01 ec^T *3»tt^36SR^ 4 U 
^^tlltl^. TEffl*tt3&si 0i0**<. 
15J:0fe**<ttSt. HlJC^^af^Bf 

TE«*tfc©»*K:J:0, yt2 0lBcfc»S*oa 
a*WfcJ>u S«**»*l/fcfc«>K:, r££Jf 14K 

[ 0 0 7 9 ] 4fc % jl^lRWBWCc J:4»*^jr-.> 
9J£. TEMWffteJ:CfEPMAIB«f©IS*tt, Blfc 

[ 0 0 8 0 ] fcte, 01 to J: H 7 «c^*r*»f*S3lcJR 
■T-Ktel^r, if7? >f78^SSM^, <000 1 > 
]&|dN&>6< 1 1 -2 0>*|pJK:, 0. r coM^ft^^ 
wrttffiSfSiyfc (oooi) ffiiorfeic*. 0itc 

<t. ^ytZ^t? h;bCDb*-^igg«4 7 OnmtftO, 

[ o o 8 1 ] a 8 iawtD^aftftjes^s 6cc 

ffe(DfiJ^:^-rKffi0-C$>^ (( C©^!****^^. W 
4 0 0Mmx4 0 0tfmSS©iE*JI5tt4L/cG 
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aN««4 lfcllUTfcO, GaN«fi4 1 CD (000 
1 ) S<DSt5E4 1 a±CC, 2 0 n m*IS<D/I3cDG a 
N><?7 7B4 2#WB3iTt\ 4Mm?lK<DJf ££>n 
SGaN3>*£J143#fI]§S4rCl>5. ^LT, n 
MGaN3>^ Ml 4 3±tC. 5 n mggcD/f 3© I 
n.. B ,Ga.. iS N»gJB, ¥$3 n mgR©J*3<D I n 
■ .,Ga,. B N#FII, 5nmggc7)JI;*<DI n t . 0S Ga 
...,NaiRli*J«*a«i3nft:nSI nGaNIWF 
ffittB4 436®W^tirc»-5. 4 4K 

tt. if $ 3 0 n mflgcDp^A 1 GaN^SPtti4 10 
5, RS#0. 5//.ralg(?)pIGaN3>^^M4 
6#lfi;XaiBS*Tt:t>5. p^GaN3>^^h!46 
©JzffiKtt. IE*«4 8#, ^©&«£«Wt*>fcoTR 
tf6*TCte*K Sfc, GaN8«4 l«cfctf^£»ftJB 

#RW6hTi»&i>»ffiMK:. g«ffii7#, 

[0 08 2]*^FiSffii44tt. GaNIS4 1tC 
^HWT&^iCcfflo-r, I nN!Sfifitk««i, In 
Nffi&ltfc««£#RW6hTl>£. I nNJKfi B ltt« 

1 nmfei±l 0 0nmtiT©fi3tCtofco-C*J 20 

0, rittJi4 4rttc*swa*©*S«, ixio n f/ 
[ 0 0 8 3 ] c ©J: 5 fc^ttft)iaw-fc v 0 1 

-c *»<*)i©iea*sjafi3n*. Sot, 

tiH 4 4 ©jftSJ&Bfc: IS b X , #F 1 ©fiSStfi©frt* 
fcfofc->T. jS 0 WS(D*»1^^6n^ e 

Mf4 6CD±ffltC, iESS4-8*SKW?>hSi* 
CC, GaN^4 l<Z>Kffifcfi»fil 7#R»&tVC 30 

[ o o 8 4 ] c <dx *> mmm&mMi-xu. g 

G a N«ffi 4 1 ©SSffii ttESfflftDSffiKRW hCt 
&o*C, ©aS4 7 4RWSfcft©»WJaffl 

0 0 meqx 1 0 0Mm<Z>A£3?£>&. 
[0 08 5 ] ttc. GaNS«4 l*flOTLTl>£fc» 
CC, GaN»S4 1 i*aWfeSfiBi©IBfc«ft-rS* 40 
*2£{5B3-e5ti#-CS, MoT, tffigns^l 

[ 0 0 8 6 ] m 8 CC^T^ft^^Wfe^r , r£14 
J14 4(Dffllffi3!p6ai«3n-5*©TE<B*J:bi, 

CC0^f*^7t^(Z)^l:T^«, ^7K 

Chtt. GaN»fi4 l^jStt»4 4«:r«-l*C>nS* 50 
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[ 0 0 8 7 ] *fc. **H8WWSKiJ:S»*A*-> 
iJS, TEM«S«fteJ:c;EPMAIIWrC!)ie*tt. IHC 

[008 8 ] ttfc. CCD*»f*^«^C4oa^T fc. G 
aNli4 l<!>g&ffi£, <0 00 1 >*|fii*6< 1 1 
-2 0>*|pKc % 0. 05' K±0. 2° **Dtf|$4# 
*owr»BTOfBL/c (000 1 ) ffliUTfcJ:^. 
[ 0 0 8 9 ] M 1 0 tt, *^BjcD^f*^7fe^©3 6 

Vy47W&\ 0 1(0 (000 1 ) E-C&6S&H1 0 
1 a±tc, 20nmiS<DSSOGaN^777ll0 
2;MBJiS*vt\ 4 A/mggcZ)/i3(Z)nMGaN3>^ 
£1 1 0 3 3WiJ13tlTl>S 0 3>2£Mil0 3tt: 
\ts SSffil 0 3a3WJBlsSS-*it:i»S. ^ Lt, niG 
aNrJ>££ hUl 0 3±£, 0. 5 //mUgcD/ISO 
A l.. v ,Ga.. i iN*7? KJB1 04 v 0. 1 junrfig 
©If SOGaNjfcfcV Mil 0 Jt^ 8tJ13*rc 

[009 0] GaNW FBI 0 5±tCtt. S5nm 
<D« 3cZ)n^I m.^Gaa.^NSSKJl. 
3nin0nain,. l Ga,. l N#M ^SnmOI^ 
OnS2I n..» 1 Ga.. tI NaRB^HB*8llB3tifcng! 

I nGaNM^FfSffill 0 63&SRW6nrc>S. S 
WFffittJBl 0 6fcK. if^3 0nmSScDpaAl 
GaN**Kut)Bl 07, WStfO. 1 am^gcDp^ 
GaNM-f FH1 0 8, 0. 5 araflgtf)/i£cDA 1 
• .»iGa D . ls N^7? KH1 09. «3#0. 5ymll 
SOpMGaNn>3rd? Ml 1 '0 3 

[009 1 ] M^FrSttBl 0 6ti, W 7 
1 0 1 ccfctf SBSffi 1 0 1 aCCSHW7«c*|D|«c?Bo 
I nNiSS a B a i:t?I«<!:, I n NffiiEattfiR^^R 
W&nri»S. 1 n NKHSJtfflJStt. lnmailO 

^>*cD^gtJ, lxio^cm'aitctt-?^ 

[0 0 9 2] P MGaNn>^ hH 1 1 0±fctt, * 

te^M 1 1 i3&sRW6>nrt59, mm \ 1 1 

tJ, 1 4«:*5^-5JK3&sH«*Sti4Wffi*l*i>r. 
«H±«(ctoteorRW6hr*s0. nSGaNn>^ 
^Ml 03(Dm^®l 03afc, -a^SfflfSJ: 5 
(CSotl^, t&ttni 1 l#>68fflWcpS!GaN=i 
>*^hHl 1 0CD±Etc(i, iEm^l 1 3ASRWe>*i 
rfcO. *fc, tfittlBl 1 l^^ffiUcp^GaNn 
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> £ ^ h S 1 0 3 CD±ffi&Cfcrt^S 1 1 2 htlT 

[ 0 0 9 3 ) C ©<fc ^ m&O^mft Is— »f t . 
Hl^T^#l6Jia^©!8&&a4Eia«:. MOC 

^it, t&assgBAKRK?*. s*i out * 

*#B^* 1 1 0 0'C*iK©SgT'& 1 OftaSftMHI 
*tt U *©»fiB4 5 0 0 6 0 o B c?iKtcF^-r 

3L/»©«*'Cft*&U ft#f& TMG£^2 0wm 

KT\ GaNA'^77ll0 2«g^fc JSfiLfc 
G a 7 7 7 i 1 0 2 ©S3 ttfi2 0 n mT*5. * 
TMG©«I&4#±U Sg£1 0 5 0'C£T^ 
flU BtfTMGfcfiSO/imo I /^©«»CCTfitte 
"TSi&tt:. S i H«#*4ttl Onmo l/#CCTtt 
J&l/T, naGaN3>^H1034ft4Mm«:b 
fc^rj&6S#4. TMA^10Mmol/^O 
iftl-Ctti&U 0. 5MmO»3©naAl,.„Ga 20 
o., s N^7 * Fill 0 4*fiEfi3*S. TMA© 
«f&*#±U fiO. lamWOniGaNWF 
11 0 5£/&g$#£. 

[0 09 4 ] *©fg. H 1 tC^^ttlMfe*?-©*^ 

ft*sfia&Sh2>. nSGaN**VF110 
53&sjsSSSn-&i <B2©T,#J& J£TF0«) * NH 3 
^XOfitl&iilHIl/fcttlBr, SiH.#*£TMG© 
^jW*±3*i, fflitt, S«l 1©SK#6 5 0~8 

s-o^ceatci-ciSTSh. m^#f?££jiio6©j& 30 

fi*jPB&ShS (T.) . 

[0 09 5] ST#Pt£ttH 1 0 6©fi£g»Stt* 

lCD«S3&S6 5 0^8 6 0'C©iaS-Ctt. RJSSftS* 
•?*Rfi-rs«£fctt, SSI 0 l©Sl£#Sffi**i 

40 

[ 0 0 9 6 ] mm 1 0 1 ©HK#£5£Ucttffifc:fcS 

o 1 /ftOmS?. TMGfcitf TM I 
Sft, ¥$©«S#5nmgR©nS!I n c . DS Ga t . }i 
NIVSH^ffifiStii (T 3 ) . t©i§£> S i H«#X 
* 1 0 u m o 1 /»gR©«^-Cfi«&Or . ftp/f K S 

[0 0 9 7 ] »S»3&SfiSfi**iSi. -Q, TMGfect 
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ttfc^t, I I I«0Slfi^x©«9&*||»ttK;*Kl/ 
T. fiflfiSft**»r-rs (T«> . 
[0 09 8 ] *©&. US. TMGIrl Ourno 1 

TMI£50/xmol /ft<D$i&X\ 
ftt&U TW3*J3nmgg<Dln,.iGa lll N#F 
JKlflEfiStfS (T s ) . #FH^JSSfi3ti5t, i? 

TMGtoJ:CKTMI©flttt*Jff±3h. + +»J7# 
xfeiCfNHi^©fttS*«»l/00. l#a±3 0 
0#«T©l$fflfctofc-oT fc I I I*IB»^©e9&* 

t, 10/zmo l/#©Si|£T\ TMGWa'T 

MI #^ft^ft{*y&2tv 5nra©SS©nSSI n,. 0l 
Ga 0 .isNiiR)l^fi£Sna D 
[0099]c©<fc5fcl/T. -»©aKH©pj«:#p 
ftfca^FffiteJl 1 0 B^SEStiS^ ^ 
BfcjSDT, 8iB»i#FJli©JSRfi*a»liK:t>fco 

t». fete, #F)i©fiKfi©IW*Cctec»r. ^BfiEfi** 
«rS-ara»©#Fli*jsEfiS-S6»^«:tt; 2-10 
H©#pH«rRW5Citc«J:0 % U-1f-3fc©|fe3(B»¥ 
#ftfc ckC^aT-^FffittJB 1 0 6 tthC tifiXih. 
[0 100] l*fcttffl»©#Fl#*rtS*iSi. T 
MG#1 0 /imo 1 /#©*!£. TMA#5mol/» 
©W^rftlftStiSifttC, Cp,Mg#*#«*&3h 
4 (TJ . CftfcJrO. f^30nmOI?OpMA 1 
GaNH^PMll 0 7*50flEShS. 
[OlOll^fl TMG V TMI fcJ;t;Cp 2 Mg 
^Ott^Mlt. NH,#*©tti&*«ttOfctt 
Hit?, SS 1 1 ©&fi£. Htf. 1 0 5 0 e CCC±^^ 
4 (TV) „'«S1 r3WBfS©fiRfci-C±»3tlS 
TMGSSOwmo l/»(DSI6-CftB«i* 
«C. Cp,Mg^«r«a&Ot, piGaN^VFI 
10 8«:fi0. 1 Mm©«SCcaEfiS#S (T 1D ) . * 
©^, TMASlOwmol/^oa^tMU 0. 
humm&<DBZ<DA 1 o.nGao.nN^? ^ YM 1 0 
9t«fi3tt4. *©«. TMA©6Bft*ff±bT % J* 
S#0. 5^mlia©p^GaN3>^^ hJg 1 1 O^r 

TMGteitfCp.Mg^^l&WffAShr. 
Sfil l©ftK»*«73iia. 
[0 102] C©J:^W:Lr, MOCVDSWot* 

C^SlStt-f+Vx^^^yaJBCCiO. nSGaNa> 
hJf 1 03©*g^T«SLr, nSGaN^>^ 
^ Hi 1 0 3#RffiOfcSffigU 1 0 3 a^JUESh*. 
[0103] *©?*, 7^h'jv^7^ J: r> 

r v pSGaN3>^^ Ml l 0©±fflteJ:CXnSG 
aN^y^Fil 0 3©mS§Pl 0 3a±ffiCC*$WS 

ESffii i 3wrain 1 2^n^ngM*r^^ 
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[0104] c©j:5tttt»ctc&i, mumi 1 1& 

6KHit/fcpSGaN:3>** hUl 1 0<D±Wte£V 
nSGaN3>^i? hll 0 3<D^ffiSPl 0 3 a±®K 
EUSl 1 3feJ:^mSl 1 2&Zti?nmihft 

il/rSSHISn. •)x^-i(CT, MOCVDffifcJ:* 
^KMOSM. X7f>^afejn/cgtc, 4 0 
.0/imx4 0 0um©iE*»«tcWOIH3*ir. (210 

cc^-r^aifl: u — tf -aw- t s n h» id 

[ 0 l 0 6 ] fete. BIO tc^**«#u-if-3R^fc 
fcl>T v 1f7y-f7Kfi©S«ffi£* <00 0 1 >^ 
*>6<1 1 -2 0>#fil«:. 0. V ©««4ft*otfT 
Ifflffi^Lfc (00 0 1 ) E^Lrfcic^ Bifcsvr 

£feftX-<£ h;KDfc*-^i6fitt4 7 0 nmt$>l 

[ 0 1 0 7 ] *fc, B 1 0 tC^-T^af ftU-lf-JR-T-tC 20 
fel»T. SficOMSfa^O. 1* «M3l*SCiK:J: 

o. r tc^e*r. o. 0 5* «±o. 2* 

[0108]@1 HI *««<D*»ftU' -'If 30 

GaNS^20 1© (0 0 0 1 ) Br^>^*«S2 
0 1 aJbtC, 20nmifi©*S©GaN^?7rB2 

0 2#81Stvr\ 4j*mgg<DJfS<DnMGaN3> 
*£H2 0 3#8Ui3lTC^S. fir, nSGaNn 
>££h®2 0 3±&C 4 0. b vmm&<DmZ<DA\ 
o.nGa 0 ., 5 N^7^*I2 0 4, 0. l/imlgOI 
SOGaN**^ KB 2 0 5#. WlSJrtO 

S. 40 
[0 109] GaNjfcfcV FH2 0 5±CCtt, &5nm 
©BSOnlSI n 0 ..,Ga.. fS NiEKJB* 
3 nmCDnS I n,.,Ga,. i N#FJB. $*J5 nmCDJP£ 
©n^I n D . 0 »Ga B .„NaRJB3!rSIB^ffl)BStifcna 

1 nGaN«*#pffi1W2 0 6#Rtf&ftTl>£. S 
■?*FrSttJi2 0 6K:tt. US 3 0 n m?MK©P^A I 
GaN#HH»±H2 0 7. «3#0. lMm?IS(7>p5? 
GaN^-f FB2 0 8. 0. 5 ara?ig<D/I$0A I 
p.nGa..,^^^ FB2 0 9, «3#0. 5ymfi 
g(DpSGaNn>^^M2 1 0 JW&XWBStvCO 50 
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[0 11 0]a j f#FffittJB2 0 6« 1 GaNlg2 0 

iccfc»as«ffi2 o i accaaw&*[5i«c?Bor, 

I n Nift£liltfti£<h. I n NiKfitt««<t#Rtf 6 
I n NJKSfiftffitfl*. 1 nrnfiLh 1 0 0 n 

©SStt, lx i o^ffl/cm'fiUitc&^-COS. 
[0111] pSGaN3>^i7 hit 2 1 0±tctt. ^ 

ffittfii2 l i#«tf^i*K:bfc-?T»»6hros. ft 
!HUi2 1 l^SfflWcpSGaNa^^ hi! 2 1 0 
<D±ffiCCtt, IEm@2 1 3*s»W?>tl-CteO, *fc. G 
aNSfi2 0 3CDg®&£ftH©2 12#Ktte>*vtV 

So 

[0 112] C©J:5&*aW*U— tf-SR^-fc. Bl 0 

iHtttcb-c, ¥i(*i©e B B a «g$n^ e Sot, 

h/f 2 1 0£D±HOC, IEHS2 1 3^S»-rS»»*» 

i»r«B»«2 i lasjBissfta. t&MR2 i 1 

3&>6KUL//cpSGaN=i>4i^ FJI2 1 0£>±EK, 
IE»*2 1 3#Stt&*l5i*tt:. GaNli201© 
RfflCC^mS2 1 2#KW6*it:, M 1 1 CC*cf49W* 
U-lf-JR^iStiS. 

[0113] to^^rMf&o^m&is-y-m+ofe 

ttH 2 0 6 tt. BIO. <Z>¥^# U -If -***SttH 1 0 

0 6 CCfctf*#FJB© I n NiftSjW&tt®9rt«&fc 

J:tft^X©H«H, B6CC^r^7i|5ltt-C*S. 
[ 0 1 1 4 ] B 1 1 fCS-r^aiWlz-lf-JR^KlfeC^r 

B4tc^-r^7CC«^r. l#«±3 0 0»OTi 

?ns e ##FJB©i9accto» ses«s©*K^Bii 

if-jjm*. ttA^^fi|coi/2(Z> 
4 1 0nm-C^>S o 

[0 115] Sfc. 36*»SttliCJ:4«*/^->a!l 
TEM«W©IS*fc<t^EPMA)SWT©*S*tt. M 

1 otc^-r*«<*u-tf-*^-iHttr*-7/c. 
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[0116] *mzo)m^cmz>¥m&\s-'*f-mi L 

6. TE*-FT'|&IU m*^? YMtm&*:- F 
^Dl^o/Co Chtt. ±IBa^#Pi^tt®2 0 6CC 

[0117] ^«5a>JKBCCte»S*3W*u-1f-*qF 10 
^t-b>hS (nJT^EIII) #JSir>fctf>K, #r 

[0 118] coi^tt^j^^^ftu-if--*^ 
tt. GaNS«2 0 l%ttffiUTl^CitcJ:0 % fiS 

®2 0 1 £GaNSffi2 0 1 QfkWCf&li & C 4 ttV # 

s. &o-c. *mS2 o i *ta:tf 5fc«>©»8S?t«« 

TO, 4 0 0//mx2 00 MmCD^arS-CftS. 20 
[0119] *fc, GaN«&2 0 1 *ttffll/Ct^S 
tctbtt:, GaNSS2 0 1 4¥*<*/&^4<DP B t ]K:#fe£ 

[0120] ftte. a 1 1 cc^-r^asftu-if-*^ 

fc^t, GaNX&<DS&ffi£. < 0 0 0 1 >*|fitf> ?> 
<1 1-2 0>*|ojCC. 0. 1° ©<«4fl«:Ottr«M 

wsufc (ooo i) ffiiurfej:^. msiCTsk-r^m 30 

X^h;l>©fcWSfi#4 7 0nm*C**K ^IttfJ® 

[0 1 2 1 ] */c. m 1 1 «:*-r*«Ef*u— tf-^tc 

te^r, mU<DW1i&*0. r M£f3t!:£t4K:<£ 

2<D4Sfc*$^Tt^ B$fflffl*©fi*Jt* 1 OfiLhi 

■esc 4 ftte. Sfi©ffi*ffl<DttMfltt. 

0. r tcpi^r, 0. 0 5' ja±o. 2* *tfS-c$>h 

[0 1 2 2] HI 2tt, H2CC^T*ai«:»jlHR^l 0 
iSSttttS-C^ft-TS-t-^ Ffr-X 1 2 0<D-W«r 
S"f£HRB-C*S. COMr-^F^-xi 2 Oti, ±35 
**fc«#fiK»ofc*9 1 2 8#8tt6hfcfi##tt 
CDjfcjtSftl 2 9£WLTt>*. tttlSttl 2 9(D7ggfJ 

1 2 8tt, «£fifc»^fc*¥&JKffi 1 2 4 4. JSSO 50 
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^»frh*Mtimmctt±ifir>tc&w i25£. 

$4® 1 2 6 itt J:-3T«J*SftT^*. £M!4® 1 2 7 

ftHSfti 2 9©¥«&±ffiK*ft*h^i/ci> 

[0123] 1 2 9 ©fi#fil**8k Tfrb 

ft. ^g? 12 8 ©fi*^**»K:ra\ -#<Dgffi 1 2 

xy ^ n 23#. tfittts^i 2 9o>e*fDicc}eors 

[ 0 1 2 4 ] X y ? M 2 3©-#©M&&Ctt. H® 1 
2 5 , M£4® 12 6, tmSfc 1 2 9 OJifflKb/co 

r, xy ^ n 23«c»o/ciB«i 2 l^K^enrt^ 
*fc. x y v h i 2 3©fl&*©«^rtctt. mm 1 

2 6, ilffi 1 2 5CCbfc5BB 1 2 2#, X'J?H2 

3«:}9ors»6ti-cc»s. c©aai2 2tt. atsi 

2 8COJSM1 2 4CCg|JBl / r*$'K ft*©Sffil 2 5, 

<®£f® 126, tmm& 1 2 9 (DimtctotL-oxmi h 

[0 1 25 ] SE1 2 5(DiS$W\ 2 0am«±5 0 0 

S<fc9ttfrM^^CtJ&sS*L<, lOOym 
J£Lb2 0 0 umVXfWgt U>. tic. ^»J?H23 
©Bttl 9 0mn«Tr*SC<!:*sjf*L<, fttc/ 1 

[0 1 2 6] HI 3 (a) tt, B 7 fcSrf 
^1 0 F^r-Xl 2 0ic8fL/cttI^tf 

SB. HI 3 (b) ^CDWEH-C^,^. ^2»»^ 

A/CSffi 1 2 5±CcRW6n/cSE3B 1 2 1 *jJ;?>' 1 2 
2k:bfcoT, W^Ltt^-f v-ji/ttRcE) ^ '7 h 
TG-9 0 0 0RJ «CDJ:5CC % *«©a36ttx#*S/ 
«il«C»-tt+S«%6!ai«t3Rtt^ (SS^J 1 0 f£ m 
«T> *E^l/WR*l»««lliSaBBl 2 7*q6?&3 

Sffil2 5{C»LT. *»««jtJ|S^l0^ t7T-f 
7SS1 lWtTtCfeSi^CC. L*<>, Sfil2 1«5 
<fc^l 2 2 tJEMO&W&^v FW**i*iijEtini-rs J: 

[0 127] C©«fc5tttt»CC4S4. *a»#«3KSRT 

lOtC^Lr, ^2-2 0kg/cra I <D?^ffi^llffll 
2 5 KflfroTjJDitoo. ^^^tt^§S«^J 1 2 7 
3MK^3h4. Wfcftfrtt. S^^^tttt«§g#»J 1 2 
7 0«SOC<fc<JS&£j&s. *^MJ-C«, 15 0*CftCT 
2^-20 0X;(C"C3 0#gR4 U/c. 

[0 12 8] CCD^. Efi©S«S^9 F4SBS1 2 
5±©iBai 2 lfcjrc/l 2 2 4(7)Pb^ct, 

r«{tufcs*awtt»ai«3iMPii2 7tt. , 
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«KJ8i&S*s. Efi 12 1 tectC^ 12 2 i<DPJ©X V 
v H 2 3ftiCfiIt^UI«g») 1 2 7 

EI±jW8* * h C i*$B4 < «JS*fc#ft Lfctt 
flBc&oTteO* !6»tt#«t3hS. -tOlS*, iEfi 

F4, siagu 2 lte^tn 22^, * 
n^ft^mt^c&&4ftfc:, KpjttiMStttt 

l 2 OfcSStShS. 

[0 12 9] COJ^K^-^F^r-Xl 2 0KK#3 10 
ftfc^#8**T-l Of*, Sfi^tTW^c^tc 
**sfflli3tiSft:aE>Cc, JSffil 2 4CC*tbTSfll**|pl 
fcftfcSBKK 9 tH* C 4 #T? & 4. 

[0 13 0] fete. X'J?H 2 3©gStt, 

»**att»iiia»Hi 2 7*cc***i*&w»as©3i 

[ 0 1 3 1] H 1 4 ( a Hi, H7 tCTfir^aittjtRiF- 
1 O^^fflU/c*^0^£D^ B B B ^^gcDSgiJKSS-C 

co* B i«s«artt, hi 2cc^-r^e-^K^ 20 
-x 1 2 o#v h ^xtttciB^?txr-f*{t?tT/c^ 

K^-x l 3 0 *h*^h#WT«cfeofc«» 

gpi2 8ii, -en-en, hi 2tc^r?gttcc&o'ci> 

5. 2 8fifctt, jUSPi 2 8fcjBoT#3W*# 

ffil 0#, -eft^n, HI 2fc5%-TJ:5tc. H#tt 

HI 4 (b) fcTS-fJfcSfc* T^SfJ 1 2 8fciB-pfc£Efi 
1 2 1 RI±teJ:EM 2 2H±*^ fiSfcfl^ShfcWB 30 

[0 13 2] ^F^r-Xl 3 0©±*CCtt v &^2f 
ft**** 1 0 5 <fc 5 (C. mgkfa 1 3 2 3&*EB3 ti 
*Ct»£. T&HSl 3 2<DWffiKtt. 3 1 sWHE- 

n^n»»6nri>&. f s H B H gi 3 2«ctews 

^K^-x 1 3 0©e»M4ttK»»J«c, ffijW 1 
3 4 3irs»tf 6*i*CC>S 8 

[0133] 1 0 ti, Ffr-X 1 

3 0 ©£8191 2 8rt«C*^S«t?*S*7r^T8« 

l i^saec4SJ:5«c»Q#tf &hrteO. 40 

3fcgtTl 0©iEft<DS«ffitt. -t-^F^-Xl 3 0± 
*C»tf6tl/c^E««l 2 lteitfl 2 2CC»l/T. M 

[0 1 3 4] ^ttfKHS^l 0;fr6»tf6h£*©« 

4^4*w^ t^r-rrsfti ncwit, ®n.&i 3 

2«:^- 3 Taa»fiI(Cffl«3*iS. 

3 2CcEn*?n^-r^,mE ; £r^>tectO : ^7 4 50 
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f&tittioT, 1 3 3*fi*rs#£, ^n 
eh, *>tej:tf*7«ifflp-rsci3&j-cts. 

[0 13 5] -Ttttoft. 3 2KSE#EPftlSft 

SJ^ffljfc^l 33<D#|fij£K£Utfctttf v HE£EP 

ft^tbr, ffljfeiF-i 3 3£2«**3M#«iW-<5 
t4fctt£. enccto, fl^i 3 3*aars3£4 

[0136] CO^^CC, jKBfil 3 2fcfctt£&¥z§ 

i ofcisftLfciifficctt, iBte^fcEE-rs 

^ft^lc^T 1 0 £, fflSE#*-;I/ K^r-X 1 3 0 OC 
[ 0 1 3 7 ] H 1 6 

•C*S. CcOTfe^tffgW^gti, S£ 1 0 0 1 4, 
S£ 1 0 0 1 ±fc«B3*ifc, WLltm 1 0 *fcttB 1 
1 Cc5Vr^»ftu-lf-JR-f 1 0 0 2 4, **t*u— 
3H=- 1 0 0 2 * h m 3 n/c^^^T3fe4 * S =i y -rf - 
3?b>Xl 00 3<b, rJ>;y-^U>Xl 003CCJ:^ 
¥?f*^JI8»SiiS^-AX7*'J 1 0 0 44, t*- 
AX7''J 1 0 0 4*6ffll*Sh*3t*, 7fer-/X^ 
1 0 0 6«:SI$fe-f£S*«u>Xl 0 0 544#ur(r» 
^> 0 $/c, t'-A^^'J^i 0 0 4(Z>§J^«:«, 7fer 
^^ 1 0 06 CCr Jg» S tltc3t%m%t Z> tc$)<D U > 

xi 0074, **s*ifc**tftHi-rs*=iftuis-i oo 
[oi38] ca>**3affaff4iai'Ctt % 

1f-*-?l 0 0 2^6ttIWl//cl/— If-iKtt. n'jy- 
^U>X1 0 0 3tcJ;-9T, Wf*fcO<ttWT*tcJS 

t&j&lx, nmisyxi oosoc^o^r^x^ 1 oo 

6©t»«IEliffitCSI*§*i4. 7fer-< 1 0 0 6CDtf 
1 0 06tC»*§ti/cU— !f-5fett, C©1»«IB»ffi-C 

SW^nr, *f»u>xi oo 5*ffli/rtf-A^^»; 
■7^ioo4*c<toT»ttsti, 5S**%a*-r4tea> 

CDI->X1 0 0 7«:J:oT7t^ffi^l 0 0 8tc«7fe^n 
^>o *tWBS1 0 0 8teJ:oT, **W«cttttl 



(14) 

25 

*«©«#»$ sWrbft*. 
[ 0 1 3 9 ] CO J: 5 ttflteS^¥«flias*ti5BK:fc 

» % f f p © »; ? ^i/^»*iJ3 nfc*^«ltttc[)S; 

[0 14 0] ft*. *»»U-1f-JR^l 0 0 2 
"C B10*/c»Hl l©¥3f{*U— !f-** 

5 M/m m 2 fe ©Sffifi"CEift S ti1c%? ^X^6, 

[0141] C©<fc*>fc:, K«gfcgBSSftfc*fv* 
©#^1t«lf£i8IfcJ:fttf, S£*S3B©3B¥35»a 20 
t£$ft/c 0 . 

[0142] fcfc, ±iE&'3lft©JK8K:fct>T. ffitelg 
rt©BS)BteJ:c;#pJl©*aWtiLr. InGaN£ 

&B4 5 0-6 0 0 nm<Dft£&%lrZ>m&tc\t* Ga 
NAs#ffifl§3ft, 8fi4 5 0-6 5 0nm©*4«* 
SUSa^fctt, GaNP*«ffiSh5. *fc. 

[0143] 

[HI I <a)tt, *»«©^flS63W*©SOS©JB 
ffiO-Wi^-T^ffiB, (b) I*. (a)©A-A£Hk: 40 

[02] *<Dmm»9&m*iam?zm<Dmw&® 

[03 ] 0 1 ^S-T*3l*»j6JR^tCfcW5^1f ©fflffi 

#»6ffl»3ftS3fcccocvc, SKfficcsturtaasit* 
* t /c^©^g i ©f j^wr 

Mrttc^4n^l:Tli©^lll©^ B B a ^it?^©^ B B B 50 
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Ti*©TEffljtItt©IB«*m'r^7-C*S. 

Rtt*tt»©if7T^T*S*ffli>rliBfii/Wl^«:*j 
» 5 fc^tfSBBR-f ©-* IttWiB* 6 IBS* S h5 jt© T 
Effl3fctt£. ^^T^TS«©S«®©Mi4«i©M^ 

[06 ] 0 1 ec^*«*«*3R-7-«:*5tf 
fflSi $ ft £#© T E ti*tt K:*t-T & ^-©S-T^FrS 
ffli+©#FJBrt«:teWS I n N!SiBflJt««©ffirtS 
& *5<fcCf*^X©BB««r*h*ftjST^7-Cfta. 

[ H 7 ] ( a ) tt. *^©¥^^«^©^©?fj 
S©-W*5Vr«SWtt¥ffiH. (b)tt. (a)©B 

[08] ^mno^&ftftm+omMomm® s & cc 

f6©«%*-J-RffiH"C*S. 

[09] *©¥»tt*j^^(CteWS-rf*©fl|iJBi3!P6ia 

#©3&g 4 ©»£«:» -r 5 ¥»#»*»?© 

* (%) ^^-ry77r$>^ e 

[010] **M©*Wft«*3RT-T*S*»(tU--!f 

[0in **«©*^^*^-c*s*aw*i/-if 

[0i2] 02 ^?m*&m%m?-*mmmmx'& 
ft?z*-)i F^-x©-w*^*»tais?*5. 

[013] (a) \t s ^©^-;bh*^~*cc¥z§#^ 
■*^*^Uc#»S©¥ffiB. (b) tt, ^©KM0r 

[014] ( a ) \Z % 0 7 CC^f *»#*JR^ 4tB»ffl 
Ctfcjftfi*5^B©fiaWrffiB. (b)tt. *©SSU© 
TO3W0T-&6. 

[015] ^«^^^©r£ttl©ig®^e>^g{JK:K 
0ttJ3ft4a^W*©(B3l^ra*gB^Ste*©*¥» 

[016] 4^W©**#U--!fJR^*fflc»fc3IS«fll 
«W*K«©fll)S!c*S-rttli8Ht?*S. 

10 ¥*f*^*^ 

11 t^r-fTS® 
1 1 a ttt£Si± 

12 G a 7 7 7/11 2 

13 nMGaNri>^i;Jii 3 
1 3 a ^SS 

14 nS]nGaNK#Fffiffii 

15 pSA 1 GaN»*B5±Ji 

16 plGaN^>^^Fi 
1 7 ©US 

18 2*ffiEmS 
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